Abstract: Based on the daily data of international crude oil futures prices and China's crude oil spot prices between January 1, 2006 and May 20, 2016, this paper systematically analyzes the pricing efficiency and lead-lag relationship between international crude oil futures prices and China's crude oil spot prices employing cointegration theory, error correlation, permanent instantaneous model as well as quantified regression method. The empirical results show that : (1)The cointegration coefficient of international crude oil futures prices and China's crude oil spot prices is (1,-1.0928), which illustrates higher pricing efficiency of international crude oil futures prices to China's crude oil spot prices; (2) international crude oil futures prices and China's crude oil spot prices exhibit mutual lead-lag relations, although the impact of futures prices to spot prices is more obvious; (3) the rate of new information to be integrated into the market is up to 84.33%, with the future market playing a dominant role in the transmission of information, and serving as the major driving force in the process of price discovery; (4) the interaction between crude oil future prices and China's crude oil spot prices shows on asymmetric features which illustrates a leverage effect on market volatility.
Introduction
As an important energy and basic product, crude oil is known as "industrial blood". With the sharp increase in energy demand among countries around the world, the relationship between crude oil and economic development of various countries has become closer. Every fluctuation in oil prices has exerted more or less influence on the economies of all countries in the world, and has become the focus of universal attention in all countries of the world. According to the World Bank's 2014 World Economic Development Report, for every $10 increase in oil prices and one year, the growth rate of the world economy will be reduced by an average of 0.5 percentage points, and the economic growth rate of developing countries will be reduced by 0.75 percentage points. China is the world's largest net importer of crude oil. The dependence of crude oil on foreign countries is as high as 60%. The impact of international crude oil price fluctuations on China's economy has become increasingly significant. It has become an important factor affecting China's stable economic development and national security. Social development and national security are invaluable. At the same time, due to the super-economic nature of crude oil, countries around the world are vying to control the price of crude oil. Therefore, crude oil has always been an important factor affecting the political orientation of big countries.
Stabilizing crude oil prices has always been a core issue in the macro management of countries around the world. Since China's crude oil price management system reform in 1978, crude oil pricing has been linked to international crude oil prices, and has gradually evolved into a basket of crude oil prices in subsequent reforms. China's crude oil pricing mechanism means international crude oil futures prices. The changes will directly or indirectly affect China's crude oil industry and economic development, and objectively require us to use the international crude oil market to manage crude oil price risks. As we all know, the global crude oil trade generally adopts the method of basis pricing, which is generally based on the price of a crude oil futures contract of Brent or West Texas Intermediate (WTI), plus or minus the agreement between the two parties. The basis is used to determine the spot price. This basis pricing method means that the country or region of the international trade of bulk commodities is based on the relevant varieties of the futures exchanges of the country or region, and the country or region has the right to speak. Currently, futures prices have become the most important benchmark price for the international crude oil spot market. WTI crude oil futures and Brent crude oil futures are the two most important pricing benchmarks for the global crude oil market. As the world's most dependent Asian crude oil market, there is currently no benchmark crude oil, so it cannot fully reflect the real market supply and demand relationship in Northeast Asia, which leads to the generally high crude oil prices in the Middle East. Bear the import premium.
On the one hand, China imports a large amount of crude oil, on the other hand, it lacks a crude oil futures market and a strategic reserve of crude oil. Social resources are not effectively utilized, resulting in the pricing power falling. The increasingly significant financial nature of the crude oil market directly led to the ups and downs of oil prices, which brought great threats to the steady growth of the world economy, especially emerging economies such as China, which is at a critical stage of industrialization and urbanization. However, since China has not established its own crude oil futures market, the objective fact of China's lack of crude oil pricing discourse rights in the international crude oil market needs to be broken. The significance of China's active preparation of crude oil futures exchanges is here.
The data description and basic characteristics test
Stationarity test. Table 1 shows the ADF test and PP stationarity test results of the logarithmic sequence and the first-order difference sequence of international crude oil futures and China's crude oil spot price. Considering that the crude oil market is vulnerable to many external factors in the development process, in order to make the test results more stable, we also consider the unit root DF-GLS test including outliers and structural mutations (Liu et al., 2013). The results of robustness test show that the horizontal sequence of international crude oil futures price and China's crude oil spot price are non-stationary time series; but the difference form, that is, the price-yield sequence of both, rejects the unit at the 1% significance level. The root hypothesis is a smooth time series, so a cointegration model can be constructed. Note: ***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively. 2. Autocorrelation test. The results of the stationarity test show that the international crude oil futures price return series and China's crude oil spot and several yield series are stable time series, so we test the autocorrelation of the two. Through the autocorrelation and partial autocorrelation tests of international crude oil futures and China's crude oil spot price yield series, it can be seen that there is a significant correlation between the international crude oil price return series and China's crude oil spot price yield series and its one-stage lag value. Therefore, in order to eliminate the sequence autocorrelation, the mean equation of international crude oil futures and China's crude oil spot price yield is set as follows: (Gao, 2009) . Due to the requirement of the smoothness of the data sequence in the Granger causality test, according to the results of the stationarity test, the Granger causality test will use the first-order difference form of the international crude oil futures price and the logarithm of the spot price of crude oil in China. Table 2 gives the Granger causality test results of the international crude oil futures market and China's crude oil spot market price fluctuations under the optimal lag period under the criteria. The results show that under the 10% significance level, the international crude oil futures price and China's crude oil spot price are each Granger causal. 
Empirical test
From the results of the stationarity test in Table 1 , the results of the three unit root tests show that the horizontal sequence can not reject the assumption of the existence of the unit root at the 1% significance level; but the first-order difference form, that is, the price gain of the two The rate sequence did not have a unit root at a significance level of 1%. Therefore, it can be considered that the international crude oil price return rate series and China's crude oil spot price yield series satisfy I(1), and can co-integrate the international crude oil price and China's crude oil spot price.
Before performing the Johansen cointegration test and the vector error correction model test, we should first determine the lag order of the model. This lag order is determined by several criteria: First, it must satisfy the mathematical stability, that is, to meet the stability. Sexual requirements, which requires that the reciprocal of all unit root film should fall within the unit circle; second, must meet the LR test criteria; third, the error test must be set by the model, such as normality, autocorrelation, ARCH effect And heteroscedastic effects. According to the four information criteria of AIC, SBIC, HQIC and FPE, we obtain the optimal lag order of the Johansen cointegration test and VEC model is 4. Table 3 shows the results of the cointegration test between the international crude oil futures price and the spot price of crude oil in China. The assumption is that there is no cointegration relationship between the variables. The maximum eigenvalue test and the trace statistic test show that there is at least one cointegration equation between the two variables during the sample period, that is, there is a long-term cointegration relationship between the two variables, so we can establish a VEC model. 
Conclusions and policy recommendations
This paper selects the daily data of international crude oil futures price (US$/barrel) from January 4, 2006 to May 20, 2016 and China's crude oil spot price (USD/barrel), using error correction model, permanent instantaneous model and points. The digit regression method systematically analyzes the pricing efficiency of international crude oil futures prices and China's crude oil spot prices and the lagging-guiding relationship between the two. The empirical analysis found that: (1) The international crude oil futures market has higher pricing efficiency and price discovery function for China's crude oil spot market; (2) There is a two-way guiding relationship between the international crude oil futures market and China's crude oil spot market, and the international crude oil futures market is for China. The guidance of the crude oil spot market is greater than the guidance of China's crude oil spot market on the international crude oil futures market; (3) the ratio of new information into the international crude oil futures market is 84.33%, indicating that the international crude oil futures market is in a dominant position in information transmission. It is the main driving force in the price discovery process; (4) There is a difference between the international crude oil futures price under different quantile conditions and the spot price of crude oil in China, showing the leverage effect of market fluctuations.
In summary, the international crude oil futures market has higher pricing efficiency for China's spot. However, in the future development process, we still need to do the following work: (1) Establish China's own crude oil futures market, give play to the pricing effect of the crude oil futures market on the spot market, price guidance, hedging function, use of crude oil Futures contracts stabilize excessive fluctuations in the spot price of crude oil. (2) Do a good job in investor risk promotion and risk popularization. The high leverage and high risk and high profitability of the crude oil futures market may cause excessive speculation in the crude oil futures market. Therefore, while establishing the crude oil futures market, it is necessary to deepen the basic knowledge of crude oil futures, strengthen the risks of the futures market, strengthen risk education, and guide investors to make reasonable and moderate investments. (3) While creating the crude oil futures market and popularizing financial knowledge, it is necessary to continuously innovate the types of crude oil futures products to enhance the trading vigor and competitiveness of the futures market, and to exert the price stability and risk transfer effect of the crude oil futures market on the spot market.
